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V\VWHP IORZV DORQJ SHUPHDEOH SDWKZD\V H[WUDFWLQJ KHDW IURP WKH VXUURXQGLQJ URFN 7KLV UHVHUYRLU LV ODWHU
SHQHWUDWHGE\DVHFRQGZHOOZKLFKLVXVHGWRH[WUDFWWKHKHDWHGZDWHU8SRQOHDYLQJWKHSODQWWKHIOXLGLVUHWXUQHGWR
WKHUHVHUYRLUWKURXJKLQMHFWLRQZHOOVWRFRPSOHWHWKHFLUFXODWLRQORRS
'HVSLWH K\GUDXOLF IUDFWXULQJ WHFKQRORJ\ KDYLQJ EHHQ XVHG IRU PRUH WKDQ  \HDUV LQ WKH FRQWH[W RI HQHUJ\
H[SORLWDWLRQXQGHUJURXQGIRUPDWLRQVUHSUHVHQWDFRPSOH[V\VWHPRIYDULDEOHV ERWKURFNDQGZHOOSURSHUWLHV WKDW
PDNHIUDFWXULQJSURFHVVHVDQRWIXOO\XQGHUVWRRGSUREOHPWKDWUHTXLUHVIXUWKHULQYHVWLJDWLRQ>@3UHGLFWLRQRIWKH
HIIHFWLYHQHVVRI WKH IUDFWXULQJSURFHVVFDQEH LQYHVWLJDWHGE\QXPHULFDO VLPXODWLRQV >@)RUSUREOHPV LQZKLFK
ODUJHVFDOHSKHQRPHQDHJ URFNVOLGHVRU UHVHUYRLUVWLPXODWLRQDUHVWURQJO\ LQIOXHQFHGE\SURFHVVHVRFFXUULQJDW
PXFK VPDOOHU VFDOHV HJ IUDFWXUH LQLWLDWLRQ DQG SURSDJDWLRQ LW LV QRW SUDFWLFDO WR JHQHUDWH FRPSUHKHQVLYH
VLPXODWLRQVWKDWLQFOXGHDQH[SOLFLWUHSUHVHQWDWLRQRIWKHIUDFWXULQJSURFHVVHVRYHUDZLGHUDQJHRIVFDOHV7RDGGUHVV
WKLVSUREOHPQXPHULFDOPHWKRGVPD\EHXVHGZLWKDPXOWLVFDOHDSSURDFKFRPELQLQJPXOWLSOHPRGHOVGHILQHGDW
IXQGDPHQWDOO\GLIIHUHQW OHQJWKVFDOHVZLWKLQ WKHVDPHRYHUDOOVSDWLDOGRPDLQ>@)RUH[DPSOHDVPDOOVFDOH
PRGHOZLWKKLJKUHVROXWLRQFDQEHXWLOL]HGLQDIUDFWLRQRIWKHRYHUDOOGRPDLQDQGOLQNHGWRDODUJHVFDOHPRGHOZLWK
FRDUVHUHVROXWLRQRYHU WKHUHPDLQGHURI WKHRYHUDOOGRPDLQSURYLGLQJQHFHVVDU\HIILFLHQF\RIFKDUDFWHUL]DWLRQDQG
FRPSXWDWLRQWKDWZLOOUHQGHUVROXWLRQRIWKHVHSUREOHPVSUDFWLFDO
7KLVSDSHUZLOOIRFXVRQWKHVLPXODWLRQRIK\GURIUDFNLQJSURFHVVHVIRUWKHFUHDWLRQRIDQ(*6V\VWHPE\DPXOWL
VFDOH DSSURDFK 7KH 9RURQRL WHVVHOODWLRQ >@ DQG WKH 'LVWLQFW (OHPHQW 0HWKRG '(0 >@ ZLOO EH XVHG WR
UHSURGXFH URFN EHKDYLRU DW WKH ODERUDWRU\ VFDOH $Q XSVFDOH SURFHGXUH ZLOO EH SUHVHQWHG WR ILQDOO\ PRGHO WKH
IUDFWXULQJ SURFHVV DW WKH VLWH VFDOH 7KH WKHRUHWLFDO EXW UHDOLVWLF FDVH VWXG\ RI D PDQPDGH JHRWKHUPDO ILHOG
FRQFHUQLQJDJUDQLWLFURFNPDVVZLOOEHGLVFXVVHG
0XOWLVFDOHPRGHOOLQJDSSURDFK
7KHPXOWL VFDOH PRGHOOLQJ DSSURDFK ZDV LPSOHPHQWHG ZLWK WKH '(0 DQG WKH 8'(& VRIWZDUH >@ 9RURQRL
WHVVHOODWLRQZDVXVHGWRJHQHUDWHWKHV\QWKHWLFURFNPDWHULDO7KH9RURQRLWHVVHOODWLRQLVDVSHFLDOMRLQWJHQHUDWRUWKDW
FUHDWHV UDQGRPO\ VL]HG SRO\JRQDO RU WULDQJXODU RSWLRQ 7ULJRQ EORFNV 7KH JUDLQ ERXQGDULHV LQ WKH SRO\FU\VWDO
VWUXFWXUH SURGXFHG E\9RURQRL WHVVHOODWLRQ FDQ EH XVHG WR UHSUHVHQW IODZV LQ LQWDFW URFN DQG WKHUHIRUH DOORZ IRU
VLPXODWLRQRIFUDFNGDPDJHGHYHORSPHQWWKURXJKLQLWLDWLRQDQGSURSDJDWLRQRIIUDFWXUHVDORQJJUDLQERXQGDULHV>@
7KHSDUDPHWHUVJRYHUQLQJ WKHEHKDYLRURI9RURQRLHOHPHQWV KDYH WREHFDOLEUDWHGDQGYHULILHGDJDLQVW UHOLDEOH
ODERUDWRU\ H[SHULPHQWV 7R WKLV H[WHQW XQLD[LDO FRPSUHVVLRQ WHVWV 8&6 DQG LQGLUHFW WHQVLOH VWUHQJWK WHVWV ZHUH
VLPXODWHG IRU D QXPEHU RI URFN W\SHV 6\QWKHWLF VSHFLPHQV RI  PP LQ GLDPHWHU DQG  PP LQ KHLJKW ZHUH
SUHSDUHG)LJDLQZKLFKD9RURQRLHGJHRIPPZDVFKRVHQ)LYHGLIIHUHQWURFNVZHUHFRQVLGHUHG3ODVWHURI
3DULV>@7UDQVMXUDQHVDQGVWRQH>@7DJLNLVWDQVLOWVWRQH$XJLJJUDQLWH>@DQG%DUUHJUDQLWHDOORZLQJWRDVVHVV
WKHGLIIHUHQFHVLQWKHFDOLEUDWLRQRIWKH9RURQRLVXEEORFNVFRQWDFWVPLFURSDUDPHWHUV
7KH FRQVWLWXWLYHPRGHO RI WKH VXEEORFNV LV DVVXPHG DV LVRWURSLF HODVWLFZKLOH DQ HODVWRSODVWLF EHKDYLRUZLWK
VRIWHQLQJDQGD0RKU&RXORPEIDLOXUHFULWHULRQLVDVVLJQHGWRWKH9RURQRLFRQWDFWV$FRQVWDQWORDGLQJUDWHRI
PVZDVDSSOLHGWRWKHWRSDQGERWWRPSODWHQVWRVLPXODWHXQLD[LDOORDGLQJWHVWV7KHORDGLQJUDWHZDVIRXQGWREHD
JRRGFRPSURPLVHEHWZHHQFRPSXWDWLRQDOWLPHDQGSUHFLVLRQRIWKHUHVXOWVLQSUHYLRXVVWXGLHV
7KH FDOLEUDWLRQ SURFHVV ZDV SHUIRUPHG E\ PHDQV RI D WULDODQGHUURU SURFHGXUH ZKHUH WKH PDWHULDO PDFUR
SURSHUWLHVDUHPRGLILHGE\WZRIDFWRUV6DQG5GHILQHGDVIROORZV
 Q WULDO Q PDWN 6 N      V WULDO Q WULDON N   
WULDO PDWF 5 F   WULDO PDWWJ 5 WJ)   )   W WULDO W PDW5V V   
ZKHUHNQDQGNVDUHWKHQRUPDODQGVKHDUVWLIIQHVVHVFLVWKHFRKHVLRQɎWKHIULFWLRQDQJOHDQGıWWKHWHQVLOHVWUHQJWK
$W ILUVW 5 LV NHSW FRQVWDQW DQG 6 LV JUDGXDOO\ LQFUHDVHG LQ RUGHU WRPDWFK WKH GHIRUPDELOLW\PHDVXUHG GXULQJ
WULD[LDOODERUDWRU\WHVWV7KHQWKHFDOLEUDWHG6YDOXHLVNHSWFRQVWDQWDQG5LVPRGLILHGWRPDWFKWKHSURSHUVWUHQJWK
7DEOHVKRZVWKHUHVXOWVRIWKHFDOLEUDWLRQSURFHVV
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7DEOH6WUHQJWKDQGGHIRUPDELOLW\SDUDPHWHUVIURPQXPHULFDODQDO\VLVDIWHUFDOLEUDWLRQ
 5 6 ıFL>03D@ (>03D@ ıW>03D@
3ODVWHURI3DULV     
7UDQVMXUDQHVDQGVWRQH     
7DJLNLVWDQVLOWVWRQH     
$XJLJJUDQLWH     
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 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)LJ8&6D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E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)LJD[PVDPSOHZLWKD9RURQRLVL]HRIFPE&DOLEUDWLRQSURFHGXUHDWWKHVLWHVFDOH
)LJXUH D KLJKOLJKWV WKH W\SLFDO D[LDO VSOLWWLQJ EHKDYLRU >@ DW WKH HQG RI WKH VLPXODWLRQ 7KH FDOLEUDWHG
SDUDPHWHUVZHUHWKHQXVHGWRPRGHOLQGLUHFWWHQVLOHVWUHQJWKWHVWV)LJE7KHPRGHOOHGYDOXHVRIWHQVLOHVWUHQJWK
ZHUH IRXQG WREH LQJRRGDJUHHPHQWZLWK WKHH[SHULPHQWDOGDWD ,WZDV IRXQG WKDW WKHFRPSXWDWLRQDO WLPH IRU WKH
DQDO\VHV ZDV KLJKO\ LQIOXHQFHG E\ WKH VL]H RI WKH9RURQRL HOHPHQW IRU DPRGHO LQWHQGHG WR VLPXODWH WKH LQ VLWX
EHKDYLRU RI D URFN PDVV VFDOH RI WHQV RI PHWHUV XVLQJ DQ HOHPHQW VL]H RI  PP ZRXOG PDNH WKH VLPXODWLRQ
FRPSXWDWLRQDOO\ LPSUDFWLFDO)RUWKHFXUUHQWDQDO\VLV LWZDVGHFLGHGWRXVHD9RURQRLVL]HRIFPZKLFKLQWKH
DXWKRUV¶RSLQLRQUHSUHVHQWVDJRRGFRPSURPLVHEHWZHHQDFFXUDF\RIPRGHOOHGUHVXOWVDQGFRPSXWDWLRQDOWLPH
:LWK WKHQHZ9RURQRLHGJH OHQJWKQHZYDOXHVRI5DQG6ZHUHFDOLEUDWHGRYHUD[PVDPSOH)LJD WR
UHSURGXFHGLUHFWO\URFNPDVVGHIRUPDELOLW\DQGVWUHQJWK7KHLQIOXHQFHRIWKHVFDOHZDVWKHQLQYHVWLJDWHGE\FUHDWLQJ
8&6 VSHFLPHQV DW GLIIHUHQW VFDOHV ZLGWK    P  P  P  P DGRSWLQJ WKH VDPH 9RURQRL HGJH OHQJWK DQG
PLFURSDUDPHWHUV7KLVKDVDOORZHGWRGHULYHDOLQHDUUHGXFWLRQRIWKHXQFRQILQHGVWUHQJWKZLWKLQFUHDVLQJVFDOH7KH
OLQHDULQWHUSRODWLRQVKRZQLQ)LJXUHEZDVWKHQXVHGWRSUHGLFWWKHVWUHQJWKDWWKHVFDOHRILQWHUHVW[PIRU
WKHDSSOLFDWLRQGHVFULEHGLQVHFWLRQ7RWKLVH[WHQWLWZDVQHFHVVDU\WRVKLIWWKHOLQHXSZDUGVE\LQFUHDVLQJWKH5
IDFWRU E\ WULDODQG HUURU LQ RUGHU WR PDWFK WKH UHTXLUHG ILHOG VWUHQJWK 6LQFH VWUHQJWK LV RQO\ DIIHFWHG E\ WKH
SDUDPHWHU56 LVNHSWFRQVWDQW7KLVSURFHGXUHKDVDOORZHGSUHSDULQJVLWH VFDOHPRGHOVGLVFUHWL]HGZLWK9RURQRL
HOHPHQWVWKDWZRXOG\LHOGDUHDVRQDEOHPHFKDQLFDOEHKDYLRU

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6LPXODWLRQRIWKHK\GURIUDFNLQJSURFHVV
7KHVLPXODWLRQRIWKHK\GURIUDFNLQJSURFHVVDWWKHVLWHVFDOHZDVSHUIRUPHGZLWKUHIHUHQFHWRWKHFDVHVWXG\RID
WKHRUHWLFDOPDQPDGHJHRWKHUPDO ILHOG$QHZ'(0PRGHOZDVEXLOW WRUHSURGXFHWZRYHUWLFDOFLUFXODUERUHKROHV
ZLWKDGLDPHWHURIFPDQGPDSDUWGULOOHGLQDJUDQLWLFURFNPDVV7KHPRGHOVLPXODWHVWKHH[FDYDWLRQSURFHVV
RI WKH ERUHKROHV E\ UHPRYDO RI WKH HOHPHQWV DQG WKH DSSOLFDWLRQ RI DQ LQWHUQDO SUHVVXUH GXH WR EHQWRQLWH PXG
6XEVHTXHQWO\DQLQFUHDVHRIWKHLQWHUQDOSUHVVXUHVLPXODWHVWKHK\GURIUDFNLQJRIWKHURFNPDVVDWDGHSWKRINP
ZLWKWKHDLPRIFUHDWLQJDV\VWHPRIIUDFWXUHV7KHSURSHUWLHVRIWKHURFNPDVVDUHJLYHQLQ7DEOH
7DEOH%DUUHJUDQLWHJHRORJLFDODQGPHFKDQLFDOSURSHUWLHVLQWDFWURFNDQGURFNPDVV
3URSHUW\ 6\PERO 9DOXH 3URSHUW\ 6\PERO 9DOXH
'HQVLW\>NJP@ ȡ  &RKHVLRQ>03D@ F 
3RLVVRQ¶VUDWLR>@ Ȟ  5RFNPDVVWHQVLOHVWUHQJWK>03D@ ıW 
5RFNPDVV<RXQJ¶VPRGXOXV>*3D@ (  5RFNPDVV8&6VWUHQJWK>03D@ ıF 
)ULFWLRQDQJOH>@ Ɏ    

D E 
)LJD*HRPHWU\RIWKH[PPRGHOZLWKPGLVWDQFHEHWZHHQWKHKROHVDQGEJUDGXDOFUHDWLRQRIDSODVWLF]RQHDURXQGWKHERUHKROHV
$QLVRWURSLFLQVLWXVWUHVVVWDWHLVDVVXPHGIRUWKH'VHFWLRQWKHUHIRUHERWKWKHKRUL]RQWDOVWUHVVHVDUHDVVXPHG
HTXDO WR 03D7KH VL]H RI WKH9RURQRL  FP LV DVVXPHG EDVHG RQ WKH FRQFOXVLRQV RI VHFWLRQ $V WKH
FDOFXODWLRQVSHHGLVHVVHQWLDOO\DOLQHDUIXQFWLRQRIWKHQXPEHURIEORFNVXVHGLQWKHPRGHO>@WKHPRGHOVL]HZDV
OLPLWHG WR  [  P LQ RUGHU WR UHGXFH WKH VL]H RI WKH GLVFUHWL]HG GRPDLQ DQG WKXV OLPLWLQJ WKH UHTXLUHG
FRPSXWDWLRQDO WLPH )LJ D ,Q WKH ILHOG WKH EHQWRQLWLFPXG LV LQMHFWHG VWDUWLQJ IURP D FHUWDLQ GHSWK ZLWK WKH
SXUSRVH WR UHPRYHFXWWLQJV KHOSSUHYHQWEORZRXWVDQGVWDELOL]H WKHH[FDYDWLRQ ,Q WKHPRGHOPXG LQMHFWLRQZDV
VLPXODWHGVWDUWLQJIURPPGHSWK7KHLQWHUQDOSUHVVXUHWREHDSSOLHGUHSURGXFLQJPXGSUHVVXUHDWDGHSWKRI
NPZDVWKHUHIRUH03D
7KH VLPXODWLRQ LV FDUULHG RXW E\PHDQV RI D VHTXHQFH RI VWDJHV'XULQJPRGHO LQLWLDOL]DWLRQ HDFK HOHPHQW LV
DVVLJQHGWKHLQVLWXVWUHVVVWDWHDQGVWUHVVERXQGDU\FRQGLWLRQVDUHDSSOLHG2QFHWKHGULOOLQJRIWKHWZRERUHKROHVLV
FRPSOHWHG K\GUDXOLFSUHVVXUH LQVLGH WKHERUHKROHV LV JUDGXDOO\ LQFUHDVHGVWDUWLQJ IURP03DXS WR WKHYDOXH
QHHGHGWRUHDFKWKHFRQWLQXLW\RIWKHIUDFWXUHQHWZRUN03D03D03D«7KLVFDXVHVWKHRSHQLQJDQG
SURSDJDWLRQRIDFUDFNLQJV\VWHPZLWKLQWKHURFNPDVV
6LPSOHDSSOLFDWLRQRIDQ LQWHUQDOSUHVVXUHLQVLGHWKHERUHKROHZRXOGJHQHUDWHDFRQFHQWULFSODVWLF]RQHDURXQG
WKHWZRERUHKROHV)LJXUHEVKRZVDQH[DPSOHRIWKHIUDFWXUHSDWWHUQZKLFKUHVXOWVIURPWKHDSSOLFDWLRQRID
03DLQWHUQDOSUHVVXUH7KLVFOHDUO\GRHVQRWDSSURSULDWHO\UHSURGXFHWKHPHFKDQLVPVRFFXUULQJLQWKHILHOGZKHUH
WKHIOXLGZRXOGSHUPHDWHWKHIUDFWXUHVDVWKRVHDUHSURJUHVVLYHO\H[WHQGLQJ7RSHUIRUPDPRUHUHDOLVWLFVLPXODWLRQ
RIWKHGHYHORSPHQWRIWKHIUDFWXUHSURFHVVLQWKHURFNPDVVDQHZSURFHGXUHZDVZULWWHQE\WDNLQJDGYDQWDJHRIWKH
),6+ EXLOWLQ SURJUDPPLQJ ODQJXDJH DYDLODEOH LQ WKH 8'(& VRIWZDUH 7KH ),6+ IXQFWLRQ LV EXLOW WR VLPXODWH
SHUPHDWLRQRIWKHIOXLGLQWRWKHIUDFWXUHVDVWKRVHDUHEHLQJIRUPHG)LJXUHLOOXVWUDWHVVFKHPDWLFDOO\KRZWKH),6+
IXQFWLRQRSHUDWHV)LUVWDSUHVVXUHSLVDSSOLHGWRWKHERUHKROHVERXQGDU\D%\LQFUHDVLQJWKHSUHVVXUHDWDFHUWDLQ
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SRLQWIUDFWXUHVVWDUW WRRFFXURQWKHERXQGDU\)LJEVKRZVLQUHGDQH[DPSOHRIILUVW IUDFWXUHVFUHDWHG$WWKLV
SRLQWHYHU\GRPDLQYRLGRUVSDFHEHWZHHQEORFNVGHILQHGE\WZRRUPRUHFRQWDFWVZLWKLQWKHPRGHOLVVFDQQHGE\
WKH),6+IXQFWLRQH[FOXGLQJWKHGRPDLQLQGLFHVFRUUHVSRQGLQJWRWKHERUHKROHV(DFKGRPDLQFRQWDFWVLQGLFHVDUH
GHWHFWHGDQGWKHFRQWDFWVFRRUGLQDWHVDUHVDYHG7KHRULHQWDWLRQRIWKHFRQWDFWVLVFRPSXWHGJHRPHWULFDOO\WRJHWKHU
ZLWK WKH KRUL]RQWDO DQG YHUWLFDO FRPSRQHQWV RI S ,I WKH QRUPDO GLVSODFHPHQW LV SRVLWLYH WKH ),6+ IXQFWLRQ
UHFRJQL]HVDMRLQWZKHUHIDLOXUHRFFXUUHGDQGDVVLJQVDQRUPDOSUHVVXUHHTXDO WRS WRWKHZKROHGRPDLQLQFOXGLQJ
WKDWFRQWDFW ,Q WKLVZD\ WKHSUHVVXUH LVDOVRDSSOLHG LQWR WKHQHZO\FUHDWHGIUDFWXUHV F7KLVFDXVHVIUDFWXUHV WR
SURSDJDWH )RU HYHU\ SUHVVXUH LQFUHDVH WKH ),6+ IXQFWLRQ LV UXQ DV ORQJ DV QHZ IUDFWXUHV DUH FUHDWHG DQG WKHQ
SUHVVXUH LV LQFUHDVHGXS WR WKHYDOXH UHTXLUHG LQ WKHQH[W VWHS)RUH[DPSOH DW WKHEHJLQQLQJRI WKHFRPSXWDWLRQ
SURFHVVZKHQ LQWHUQDOSUHVVXUH LV ORZHU03D WR03D WKH),6+IXQFWLRQZDVUXQ WZLFHIRUVWHSV
EHFDXVHWKHSURSDJDWLRQDQGH[SDQVLRQRIIUDFWXUHVZDVIRXQGWREHFRPSOHWHGLQDUHODWLYHO\VKRUWSHULRGRIWLPH
2QWKHFRQWUDU\RQFHWKHLQWHUQDOSUHVVXUHUHDFKHV03DIRXUVWDJHVPDGHXSRIVWHSVHDFKDUHUHTXLUHG
$SSO\LQJ03DRQWKHERUHKROHVERXQGDU\ WKH),6+IXQFWLRQZDVUXQWLPHVUHTXLULQJDERXWKRXUV IRU
HDFKVWDJH7KHRYHUDOOFRPSXWDWLRQDOWLPHZDVDERXWWZRZHHNV








)LJ),6+IXQFWLRQPRGHRIRSHUDWLRQ

)LJ)UDFWXUHVQHWZRUNFRUUHVSRQGLQJWRWKHILQDOSUHVVXUHRI03D
7KHIUDFWXUHSDWWHUQZKLFKUHVXOWVIURPWKHFRPSXWDWLRQLVVKRZQLQ)LJXUH&RQWLQXLW\RIIUDFWXUHVEHWZHHQ
WKH WZRERUHKROHV LV REWDLQHGE\ WKH DSSOLFDWLRQRI DQ LQWHUQDO SUHVVXUHRI 03D$V WKH LQLWLDO VWUHVV VWDWH LV
LVRWURSLF IUDFWXUHV SURSDJDWH LQ GLIIHUHQW GLUHFWLRQV HYHQ LI VRPH RI WKHVH DUH PRUH HYLGHQW 2QFH IUDFWXUHV
H[SDQGLQJ IURPHDFKERUHKROHDSSURDFK WKHFHQWUDO ]RQH LQEHWZHHQ WKHERUHKROHV WKH\ VWDUW WR LQWHUDFWDQG WKXV
JHQHUDWLQJ D QHWZRUN RI FRQQHFWLQJ IUDFWXUHV ZLWKLQ WKH WZR ERUHKROHV $OWKRXJK QR LQ VLWX GDWD DUH DYDLODEOH
SUHVVXUHYDOXHRUIUDFWXUHSDWWHUQWKHVHUHVXOWVZRXOGDSSHDUWREHYHU\UHDOLVWLF
&RQFOXVLRQV
7KHPRGHOOLQJZRUNSUHVHQWHGLQWKLVSDSHUDOORZVWRGUDZWKHIROORZLQJFRQFOXVLRQV
x &UHDWLQJDQDVVHPEO\RIGLVWLQFWHOHPHQWVZLWKWKH9RURQRLWHVVHOODWLRQDOORZVWREXLOGV\QWKHWLFURFNVSHFLPHQV
DQGUHDOLVWLFDOO\UHSURGXFHURFNIUDJPHQWDWLRQH[SHULHQFHGGXULQJODERUDWRU\WHVWLQJ
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x 0LFURSDUDPHWHUV FRQWUROOLQJ GHIRUPDELOLW\ DQG VWUHQJWK RI WKH FRQWDFW EHWZHHQ 9RURQRL HOHPHQWV QHHG WR EH
FDOLEUDWHG DJDLQVW ODERUDWRU\ GDWD 7ZR IDFWRUV 6 DQG 5 UHODWHG WR VWLIIQHVV DQG VWUHQJWK UHVSHFWLYHO\ ZHUH
LQWURGXFHGWRVLPSOLI\WKHFDOLEUDWLRQSURFHVV
x 6WUHQJWKRIV\QWKHWLFVSHFLPHQV LV VKRZQWREHDIIHFWHGE\VFDOHHIIHFWE\NHHSLQJFRQVWDQW WKH9RURQRLHGJH
OHQJWKWKHVWUHQJWKGHFUHDVHVOLQHDUO\ZLWKWKHVL]HRIWKHVSHFLPHQ
x 7KHFRPSXWDWLRQDOWLPHLVKLJKO\LQIOXHQFHGE\WKHVL]HRIWKH9RURQRLHOHPHQW)RUPRGHOLQWHQGHGWRVLPXODWH
WKHLQVLWXEHKDYLRURIDURFNPDVVHOHPHQWVL]HRIOHVVWKDQFPDUHSUDFWLFDOO\LQDSSOLFDEOH
x $ PXOWLVFDOH QXPHULFDO DSSURDFK ZDV GHYHORSHG WR VLPXODWH URFN K\GURIUDFNLQJ LQ (*6 V\VWHPV E\ XVLQJ
9RURQRLWHVVHOODWLRQDQGWKHGLVWLQFWHOHPHQWPHWKRG8QFRQILQHGFRPSUHVVLYHVWUHQJWKRIVSHFLPHQVRIGLIIHUHQW
VL]HVZDVGHWHUPLQHG7KHOLQHDUWUHQGZDVH[WHQGHGWRGHWHUPLQHIDFWRUV6DQG5SHUWLQHQWWRWKHLQVLWXVFDOH
x 7RUHSURGXFHWKHSURJUHVVLYHIUDFWXULQJRIWKHURFNPDVVDQGWKHFUHDWLRQRI IUDFWXUHSDWWHUQVD),6+IXQFWLRQ
ZDVZULWWHQWRDOORZGHWHFWLQJQHZIUDFWXUHVDQGDSSO\QRUPDOSUHVVXUHZLWKLQWKHP
$OWKRXJKWKHUHVXOWRIWKHFRPSXWDWLRQVKRZDYHU\UHDOLVWLFIUDFWXUHSDWWHUQVRPHFDXWLRQQHHGWREHDGRSWHGLQ
DQDO\]LQJUHVXOWVDQGDGGLWLRQDOLPSURYHPHQWVDUHQHHGHG7KHSRO\JRQDO9RURQRLJHRPHWU\SOD\VDNH\UROHLQWKH
JHQHUDWLRQ DQG H[WHQVLRQ RI FUDFNV 7KH UHVXOW LV WKHUHIRUHPHVK GHSHQGHQW XQOHVV YHU\ VPDOO HOHPHQWV DUH XVHG
ZKLFKKRZHYHULVLPSUDFWLFDO0RUHRYHUWKHSUHVHQWYHUVLRQRIWKH),6+IXQFWLRQLVQRWDEOHWRGLVWLQJXLVKEHWZHHQ
FRPPXQLFDWLQJ DQG QRW FRPPXQLFDWLQJ IUDFWXUHV 7KLV PD\ VOLJKWO\ DIIHFW WKH UHVXOWLQJ IUDFWXUH SDWWHUQ 7KHVH
DVSHFWVFDQEHGHDOWZLWKE\WHVWLQJWKH9RURQRL7ULJRQZKLFKDOORZVIRUWULDQJXODUHOHPHQWVWREHFUHDWHGDQGE\
LPSURYLQJWKH),6+IXQFWLRQ
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